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| v. Abstract. A 29-year-old male presented with acromegaly and hyperthyroidism and was found to be hypersecreting both 
■;>GH and TSH. A somatostatin analogue, SMS 201-995, at doses of 50 and 100 ug s.c. 3 times a day produced an acute 
' ^decrease in serum GH and TSH levels to less than 20% of basal concentrations. An increase in serum SMS 201-995 levels 
I preceded the decline in serum GH and TSH levels. Partial resolution of signs and symptoms related to GH excess occurred 
I and the patient developed normal serum thyroxine levels. These latter effects were maintained during the 3.5 months of 
>,;SMS 201-995 therapy; however, pituitary adenoma size as judged by MRI was unchanged. Side effects of therapy were 
* 'minimal and included transient abdominal pain, diarrhea and weight gain. Adenomatous pituitary tissue was surgically 
" removed and placed in monolayer culture. It was observed that SMS 201-995 produced significant inhibition of GH and 
TSH release. Histology revealed a partly chromophobic, partly acidophilic adenoma containing GH and TSH. Electron 
^microscopy showed a pituitary adenoma which appeared to consist of smaller cells resembling somatotrophs and larger 
- cells exhibiting ultrastructural features of thyrotrophs. Immunoelectron microscopy localized the two biochemically dis- 
tinct peptides in the same eel! type, often in the same secretory granules. No morphologic abnormality, attributable to SMS 
$201-995 medication, was evident. Thus it can be concluded that pituitary adenomas can simultaneously secrete GH and 
j ; TSH which produce acromegaly and hyperthyroidism. These bi-hormonal tumors may synthesize GH and TSH in the same 
f ycell type. Administration of SMS 201-995 can inhibit the secretion of both GH and TSH, causing significant clinical and 
| ^ biochemical improvement of acromegaly and hyperthyroidism. Suppression of GH and TSH release by SMS 201-995 is not 
|:/ necessarily followed by tumor shrinkage and morphologic abnormalities in the adenoma cells. 



I ;Human pituitary adenomas may excessively release more 
■ : lhan one hormone [I]. These multipeptide secreting pi- 
? tuitary tumors may produce these hormones from different 
,|^!i^yP e ,s, in the tumor o.r.o.ne. cell, type, may hypersecrete 
roore than one hormone [2]. We recently evaluated a young 



.^IS^ith classic acromegaly and markedly elevated growth 
(^hormone secretion who also had signs and laboratory fin- 

* :*ngs compatible with TSH-induced hyperthyroidism. TSH- 
U-'flduced hyperthyroidism has been rarely seen in acro- 
i megaly [3, 4] and has been previously managed by radiation 
. ;. a nd surgical therapy. In light of reports that a somatostatin 
^analogue (SMS 201-995) could decrease GH levels in acro- 
^ ^galy[5-7] and that TSH can be inhibited by somatostatin 

• |i I we began therapy with the analogue prior to surgical 
of the tumor. Marked improvment in the acro- 
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megaly and resolution of the hyperthyroidism occurred 
within 1 month after initiation of somatostatin therapy. The 
direct effect of the somatostatin analogue on tumor secre- 
tion of CiH and TSH were examined in cell cultures .of the 
tumor. In addition morphologic studies of the tumor inclu- 
ding immunohistochemistry, ultrastructural analysis and 
immunoelectron microscopy provided an opportunity to 
examine whether one or more cell types were responsible 
for the excessive secretion of two biochemically diverse pi- 
tuitary peptide hormones. 



Materials and Methods 

Clinical Presentation 

A 29-year-old white male was referred for possible acro- 
megaly. He stated that approximately 8 years ago he noted prog- 
ressive enlargement of his fingers requiring three changes in ring 
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size. His foot size also enlarged from a size 10 to a 12 EE. He 
noted a marked decrease in exercise tolerance and muscle 
strength and he perspired excessively. His wife noted cessation of 
breathing frequently during his sleep which was compatible with 
sleep apnea. The physical exam demonstrated prognathism, in- 
creased spaces between his teeth, an enlarged tongue and lips, 
frontal bossing, markedly enlarged hands and feet, and a goiter. 
He was 5 ft 11 in weighed 194 lb, and his initial sitting blood 
pressure was 140/90. During the following 3 months of our eva- 
luation his blood pressure increased modestly. His visual field 
exam revealed a right temporal superior quadratic field defect. 
An MRI scan revealed a large homogenous pituitary mass which 
enveloped the left carotid artery in its cavernous portion and 
elevated the optic chiasm. Normal clinical chemistry levels were 
obtained for serum electrolytes, creatinine, calcium, total protein, 
CBC and ALT. Abnormal general laboratory exams included an 
elevated alkaline phosphatase (bone fraction) of 229 (normal < 
105) and an increased serum phosphate of 5.9. His alkaline 
phosphatase remained elevated during somatostatin therapy and 
following pituitary surgery- His bone densitometry was normal. 
General endocrine evaluation revealed normal serum glucose le- 
vels during an oral glucose tolerance test and normal pituitary- 
adrenal function (urine and plasma Cortisol and catecholamines 
as well as plasma ACTH levels). He had diminished plasma tes- 
tosterone of 0.84 ng/ml (normal 3.5-10 ng/ml) whereas his 
serum LH was normal (3.9 mlu/ml) and his FSH was elevated at 
13 mlu/ml (normal 4-10 mlu/ml). His serum thyroxine level was 
elevated (see table 1) and a radioactive iodine uptake and scan 
revealed thyroid enlargement and an elevated 6- and 24-hour up- 
take of 23 and 41%, respectively. 

Study Protocol 

Following informed consent he was admitted to the OSU Clini- 
cal Research Center. A TRH infusion test was performed by infu- 
sing 500 jig i.v. over 1 min and obtaining blood samples via an 
indwelling small gauge needle for TSH, PRL and GH at 0, 30, 60, 
90, and 120 min. Bromocriptine, 5 mg. p.o., administration was 
followed by venous blood sampling at 0, 30, 60, 120 and 180 min 
for GH and TSH levels. Also hourly sampling for 24 h was perfor- 
med via an indwelling needle with serum being frozen at -4 0 C until 
analyzed for GH, PRL, TSH and SMS 201-995 serum concentra- 
tions. Twenty-four hour profiles were also performed on the follow- 
ing days when 50 and 100 ug of SMS 201-995 were administered 
subcutaneously every 8 h. Treatment with SMS 201-995 (100 u-g 
t.i.d.) was then initiated for 3.5 months with blood samples for GH 
and TSH obtained at 2-week intervals. A 24-hour profile and a TRH 
stimulation test were repeated 3 months following the initiation of 
therapy. 

Tumor Culture 

SMS 201-995 was continued for 3.5 months until surgery 
when tumor tissue was removed via a transsphenoidal approach 
and transported asceptically to our tissue culture laboratory. 
Monolayer cultures were prepared as we have previously des- 
cribed [9]. This large tumor provided numerous cells (6 x 10 6 ) on 
which to perform multiple experiments in primary cultures. As 
control tissue we cultured four normal human pituitaries removed 
within 6 h of death and placed in culture as we have previously 
described [9]. 



Morphologic Studies 

For light microscopy, pieces of tumor tissue were fixed in 1 
buffered formalin and embedded in paraffin. Sections of 4-6 \im 
thickness were stained with hematoxylin-eosin and the PAS tech- 
nique. 

For immunohistochemistry, the avidin-biotin-peroxidase com- 
plex method was applied as described elsewhere [10]. Paraffin sec- 
tions of 4-6 jim thickness were immunostained for GH, PRL, 
ACTH, TSH, FSH, LH and a-subunit [11, 12]. The source of anti- 
sera, dilutions, control procedures and other details have been 
reported in previous papers [13, 14]. Mirror sections were exa- 
mined to reveal whether two hormones were present in the cyto- 
plasm of the same cell or different cells. 

For electron microscopy, small pieces of tumor tissue were fixed 
in 2.5% glutaraldehyde, osmicated, dehydrated in a series of graded 
ethanol, processed through propylene oxide and embedded in an 
Epon-Araldite mixture. Appropriate areas were selected on to- 
luidine blue-stained semithin sections for the ultras tructural study. 
Ultrathin sections were stained with uranyl acetate and lead citrate 
and investigated with a Philips 410-LS electron microscope. , , 

For the immunoelectron microscopic demonstration of adeno- 
hypophyseal hormones, the immunogold double labeling tech- 
nique was applied [15-17]. Details of the procedure were described 
previously [14]. 

» 

Assays 

Serum PRL and GH were determined by a homologous ra- 
dioimmunoassay (RIA) [18]. The intra- and interassay coefficients 
of variation were less than 10%, calculated using control samples 
assayed at three different points on the standard curve for both as- 
says. Serum TSH levels were measured by RIA (Serono-Braintree, 
Mass.). The sensitivity of the assay is 0. 1 uU/ml and the intra- and 
interassay coefficient of variation in our laboratory are 5 and 13%, 
respectively. Serum T4 was determined by RIA (Serono-Braintree, 
Mass.) and the intra- and interassay coefficients of variation of 3 
and 5%, respectively. T uptake was determined using an immunof- 
luorescence technique (Abbott Labs, Chicago, 111.) and the intra- 
and interassay coefficients of variation are less than 3%. SMS 
201-995 levels were evaluated by double antibody RIA as pre- 
viously described [19]. The assay has a sensitivity of 20 pg/ml and 
an intra- and interassay coefficient of variation of less than 12%. 

Sta tistical Methods 

All data were entered into the data management CLINFO sys- 
tem located at the Clinical Research Center at Ohio State Univer- 
sity. One-way analysis of variance with the Newman- Keuls aftertest 
was performed for endocrine data generated from the tissue culture 
studies. The 24-hour TSH and GH profile data were .eyaluat^d^ . 
Student's t tests. A p value of less than 0.05 was considered si 
cant. The values are given as means ± SE. 



Results 
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In vivo Studies \ 
GH. The patient's 24-hour GH concentration P rio /^. 
therapy was 1 32 ± 7 ng/ml with no nocturnal GHaugm<^| 
tation of secretion (fig. 1). An elevated somatomedin C ^ 
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■ Tig. 1. Serum GH levels before (-), after 50 u,g ( ) and 100 ug 

05) of SMS 201-995 3 times a day ( A ). Note that the dramatic 
-^decrease in serum GH levels is associated with a coincident peak in 
SMS 201-995 serum concentrations. 



< ret- >JT-N ■ 
•> ■ •.- 



ition of 3 
immunof- 
the intra- 
3%. SMS 
\ as pre- 
ig/ml and 
n 12%. 



1 -^T .* _ 



120 n 
100- 
80- 
60 - 



r' ° 40 H 

isaftcrtest-j^^: 
ue culture c 



NFOsys- 
te Univer- 




iluatedby (>,., 700- 
ed signifi- - >^"jg 



• CM 



#"8 



500- 
300- 
XX) - 





: 9 am 



3 pm, 



10 p.m. 



prior to 

aug men * 
inClcvcl ; 



2. Three months of 100 u£ of SMS 201-995 3 times a day 
produced continued suppression of serum GH levels. Serum 
201-995 levels were approximately 4-fold higher than those 
v^Nly measured (see fig. 1) following the same dose of the analo- 
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Fig. 3. Serum TSH levels before (-), and after 50 jig ( ) and 

100 jig (• • •) of SMS 201-995 3 times a day (A). Note that the 
dramatic decrease in serum TSH levels is associated with a coinci- 
dent peak in SMS 201-995 serum concentrations. 
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Fig. 4. GH and TSH secretion from monolayer cultures of the 
tumor was significantly (p < 0.05) inhibited by SMS 201-995. Con- 
centrations of the analogue as low as 10- 12 M produced significant 
(p < 0.05) inhibition of GH release and 10- 9 Af produced signifi- 
cant inhibition of TSH release within 60 min of its addition. 
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Fig. 5. Immunohistochemistry reveals the presence of growth 
hormone in the cytoplasm of many adenoma cells. Avidin-biotin- 
peroxidase complex technique for growth hormone, x 250. 

of 488 ng/ml (normal 24-153 ng/ml) was also found. 
A 4-hour oral glucose tolerance test failed to completely in- 
hibit his serum GH levels as the lowest GH level obtained 
was 27 ng/ml. TRH stimulation producd a paradoxical in- 
crease in serum GH from 39 to 238 ng/ml 1 h postinfusion. 
Bromocriptine stimualted GH release from 88 ng/m! to a 
peak of 2 1 8 ng/ml at 2 h following its administration. 

When 50 jig of SMS 201-995 was administered every 8 h, 
serum GH levels fell immediately to a 24-hour level of 92 ± 
9 ng/ml (pretreatment level was 132 ± 7 ng/ml (fig. l).The 
following day 1 00 jig of SMS 20 1 -995 every' 8 h produced a 
further decrease in mean ± SE serum GH levels to 32 ± 6 
ng/ml (fig. 1). The SMS 201-995 serum levels acquired dur- 
ing the initial 2 days of therapy demonstrated that peak le- 
vels of the analogue preceded the subsequent nadir in 
serum GH concentrations (fig. 1). Following 3 months of 
SMS 201-995 therapy (100 j^g t.i.d.) the 24-hour GH levels 
remained at 37 ± 9 ng/ml (normal < 4. ng/ml) (fig. 2). 
Again the peak in serum SMS 201-995 levels preceded the 
nadir in serum GH levels. The serum SMS 201-995 levels 
after 3 months of therapy were 5 times higher than those 
noted on the initial day of 100 jig every 8 h of analogue 
therapy (fig. 1, 2). 

PRL. The subject's 24-hour PRL level was minimally 
elevated prior to SMS 201-995 therapy at 15 ± 2 ng/ml 
(normal 9.3 ± 1) and did not change significantly following 
therapy (14 ± 3 and 13 ± 3 ng/ml) on 50 and 100 jig t.i.d. 
of SMS 201-995, respectively. 

v .TSH and Thyroid Function 

The patient's serum T 4 and FTI were in the thyrotoxic 
v range (table I) but his TSH levels were not suppressed below 



Fig. 6. Several adenoma cells contain immunoreactive TSH in 
their cytoplasm. Avidin-biotin-peroxidase complex technique for 
TSH. x 250. 

0.1 u.U/ml, which is usually seen in hyperthyroidism. A 
TRH infusion failed to increase his TSH levels (basal 5.6 vs. 
4.5 u,U/ml peak TSH response). His 24-hour TSH level was 
2.7 ± 0.1 u.U/ml and did not exhibit normal diurnal yaria^ 
tion (fig. 3). Following SMS 201-995 therapy the 24-hour 
TSH level decreased to 1.8 ± 0.2 and 0.5 ± 0.1 uU/rnl 
after 50 and 100 jig of the analogue every 8 h (fig. 3). The 
decrease in TSH levels correlated with the increase in serum 
SMS 201-995 concentrations (fig. 3). Also a fall in TSH le- 
vels was associated with normalization of the serum T4 and 
FTI values (table 1). 

Culture Studies 

Normal Human Pituitaries. SMS 201-995, 1(H, 10:? 
and 10- |0 A/, added to four normal human pituitary mono- 
layer cultures produced significant (p < 0.05) inhibition of 
GH release by 60 min in wells from only one human pi- 
tuitary (control wells 44 ± 4 ng/ml, SMS 10-8, 1O- 9 , and 
ip-ioM 24 ± 2, 24 ± 3, and 27 ± 4 ng/ml, respecti- 
vely): SMS 201 995 (10-*, 10-?, and \Q-*M) did not signifi;.: 
cantly alter PRL release in any of these, four normal pituita- 
ries or significantly influence LH, FSH, or TSR;re!^g|| 
single pituitary that was studied [data not shown]. 
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Adenomatous Monolayer Cultures 
GH. The addition of SMS 201-995 to the cultures y 
doses between 10-* and 10- 12 M produced significant in ^ 
bition (p < 0.05) of GH secretion after 60 min of inf* b p 
tion (fig. 4). TRH 10-6 and \o-iM produced a significant^ 
< 0.05) 2-fbld increase in GH release 3 h after its addit^- 

n„ _u ~ri if>-6 and \0^» 



to the wells and each dose of bromocriptine 10-* and 
produced a significant (p < 0.05) 66% decrease in ' 
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^«Kg 7 : Electron microscopy demonstrates adenoma ce.ls exhibiting uhrastructura. features simi.ar to densely granulated growth hor- 
f^4#:«4..sv whereas other adenoma cells (center) resemble thyrotrophs. Transmiss.on electron m.croscopy. x 8,200. 
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^^^ ; &e by I-h after its addition to the cultures [data not 



/ mono-, -j. ... 

ntio^^J-JSHand PRL. SMS.201-995, 10-6 to 10-* A/, produced 

0-9^dv^tiimx>r monolayer cultures by 60 min following its addition 
^ei^i^pl^e wells (fig. 4). Basal secretion of PRL from the cultures 
t sjgnifcl Extremely low, less than 1 ng/ml 24 h, and the addition 
fpituW: : ^ ^-bromocriptine, TRH and SMS 201-995 did not signifi- 
*ase1 n?5 " f^iitlv affect this low level of PRL release (data not shown]. 
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^ ^-^Morphologic Studies 
; :;^>"Vv^ : % histology, the tumor was a partly chromophobe, par- 
liufes H!^;py acidophilic adenoma of the pituitary exhibiting a diffuse 
ahun^^^rri with some variation in cellularity, slight focal nu- 
fincu^^^ear plepmorphism and occasional mitotic figures. In the 
ificantj(p^^plasrn of some adenoma cells, a few fine PAS-positive 
^ d ditibt^^^anules were noted. Immunohistochemistry revealed GH 
id'.^t^^IlN cytpplasma. of many adenoma cells mainly in the eel- 
M1,n ar areas (fig. 5). Immunoreactive TSH was demonstrated 




in many large cells with abundant cytoplasm scattered 
throughout he tumor (fig. 6). Occasional adenoma cells ex- 
hibited immunopositivity for PRL. Immunostainings were 
negative, for ACra. FSH, LH and a-subunit. Consecutive 
sections showed the coexcistence of GH and TSH in he 
cytoplasm of some adenoma cells. 

By electron microscopy, the adenoma appeared to be 
cellular and was found to consist of small, closely apposed 
cells (fig- 7). The nuclei were large, spherical or slightly oval 
with prominent nucleoli. The cytoplasm contained conspi- 
cuous lamellar endoplasmic reticulum membranes,, mo- 
derately developed Golgi apparatus and numerous, mostly 
spherical, evenly electron-dense secretory granules measu- 
ring 150-400 nm, the majority measuring 250-300 nm. 
These cells were regarded as densely granuled somato- 
trophs. Several scattered adenoma ceils were angular with 
long thin cytoplasmic processes. Based on their ultrastruc- 
tural appearance, these celts seemed to represent a second 
cell type, which contained fairly well-developed membra- 
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Fig. 8. Immunoelectron microscopy reveals a densely granulated bihormonal cell containing both growth hormone (40 urn gold -parti- 
cles) and TSH (15 urn gold particles) in the same and in different secretory granules, x 21,500 (inset x 36,600). ... < : . { *j 



Table 1. Thyroid function tests before and during 3 months of 
SMS 201-995 treatment 



T 4 TU 
, u.U/100 
ml 



TSH 
uU/ml 



p. • 



Before treatment 
After treatment 

1 month 

2 months 

3 months 
6 months 

postoperatively 
Normal 



15.8 

9.7 
6.6 
8.0 
10.7 



0.70 

0.84 
0.90 
0.84 
0.80 



22.5 

11.5 
7.3 
9.5 

13.4 



3.1 

1.0 
0.7 
0.4 
1.5 



\ fating.SK 
5,uppressi< 
GHSncj : i 

nous organelles and sparse, spherical secretory/gran^ 
measuring 100-200 nm lining up in a single row under the , ; jnhr t» *i 
plasmalemma. The latter cells harbored large, cprnpartmem -. 
talized lysosomal bodies, a characteristic ultrastructural ; 
feature of thyrotrophs [1]. No lactotrophs were identified in: 
the electron-microscopic specimens available for study ; _- r 
Immunoelectron microscopy confirmed the presence^, 
GH and TSH in the adenoma cells (fig. 8). Some adeno_ 
cells contained GH only, others TSH only* whereas ymi 
both GH and TSH. The two hormones were present in 
same or in different secretory granules. No PRU :> 
FSH, LH or a-subunit could be demonstratefj in the^ 
ble specimens 
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3.5-11.0 0.7-1.25 3.5-11.0 0.2-5.5* 



Clinical Response to Therapy 



a Normal range if T 4 is normal; less than 0.1 uAJ/ml if T 4 or FTI is 
elevated. 



SMS 201-995. Rllowfag's^^WksofJQO^I^j^^au * 
SMS 20 1 -995 therapy we observed a decrease ,n ^ eflef gj|- ^ 
swelling of the patient's hands, feet ; nd ^lp^^«ievffi 
improved and he noted a decrease in his excess^ v ^ 
tion. This clinical improvement was associated wi _ 
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in somatomedin C levels from pretherapy range of 
^768 ng/ml (normal 24-153 ng/ml) to a 6-month post- 
value of 150 ng/ml. Side effects from the SMS 
fqg$ injections included abdominal pain, which was 
, and diarrhea which was only moderately bother- 
l ' No significant affect on glucose tolerance was noted. 
Ipeat MRI scan following .3.5 months of SMS 201-995 
did not reveal any significant decrease in the size of 
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postoperative Course 

Following surgery a marked decrease in soft tissue mass 
the patient's face, hands and feet was noted. His serum 
level remained at 26 ng/ml, which was similar to the 
iterative GH level obtained while on SMS 201-995 in- 
ijcctions. Six months following surgery his GH level was 22 
|g/mi (normal < 5 ng/ml) and his somatomedin C level 
fei 430 ng/ml (normal 24-153 ng/ml). His thyroid func- 
fron studies obtained 6 months postoperatively revealed the 
return of minimal TSH-induced hyperthyroidism which was 
not associated with any detectable clinical symptoms or 



sighs (table 1). 
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• Discussion 

We have demonstrated that injections of the somatostatin 
fnalogue, SMS 201-995, were able to significantly inhibit 
OH and TSH secretion from a pituitary macroadenoma. An 
JSte reduction in GH and TSH levels to 24 and 1 2%, respec- 
tively, of pre treatment levels was noted within 2 days of ini- 
tiating SMS 201-995 therapy. The degree of GH and TSH 
Oppression correlated with SMS 201-995 serum levels and 
GH and TSH suppression was maintained throughout the 
course of therapy. Our findings with GH in this study were si- 
Storto those of several investigators who have previously 
}anmcn^ ^ported on the efficacy of SMS 20 1 -995 in the treatment of 
(ructu^#G^ 0 megaiy [5-7]. The inhibiting influence of SMS 201-995 
ntified f&v.pnGHandTSH secretion in vivo appeared to be at least par- 
judy^^f* directed at the pituitary as SMS 20 1 -995 produced inhibi- 
fse^^^p°n of GH and TSH secretion from the cultured pituitary 
adeno^^rl^mor cells. This latter observation correlated with the pre- 
as^pjKers^ ^ous observation of somatostatin receptors in pituitary 
mtin^Sl^enornas of acromegalic patients [20, 2 1 ]. 

U has been previously demonstrated that SMS 201-995 
t ^ produce a decrease in the nocturnal rise in TSH release 
||^ normal man [8]. In addition Comi et al. [22] have recently 
|$own that SMS 201-995 can significantly inhibit TSH re- 
P^jn patients with TSH-secreting pituitary adenomas and 
fgti^^te^meau et al. [23] in evaluating a patient similar to ours 

lit 

levels by SMS 201-995 was associated with a return of 
^J^Jhyroxine levels to normal prior to surgery. 
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hav e also documented decrease in GH and TSH secretion 
SMS 201-995. In our patient normalization of serum 



Lowering of serum GH levels in this patient produced 
marked clinical improvement with decrease in -tissue 
swelling and an increase in exercise tolerance. The side 
effects of SMS 201-995 therapy in this patient included 
diarrhea, and transient abdominal colic. The latter fin- 
ding has previously been reported [6] and none of these 
side effects required a reduction in dose of the analogue. 
The suppression of serum GH and TSH levels was asso- 
ciated neither with any significant shrinkage of the 
adenoma nor with any microscopic abnormalities in the 
adenoma cells. This effect of SMS 201-995 to inhibit GH 
hormone secretion but not reduce pituitary tumor size 
has been previously reported [6]. 

Immunohistochemical, ultrastructural and immunoelec- 
tron-microscopic evaluation of the tumor produced .eyi- . 
dence that the adenoma cells were excessively producing" 
GH and TSH. Immunoelectron microscopy demonstrated 
that some adenoma cells contained GH only, others TSH 
only, whereas others contained both GH and TSH. It is no- 
teworthy that GH and TSH were demonstrated by immu- 
noelectron microscopy in cells regarded as either somato- 
trophs or thyrotrophs based on their ultrastructural ap- 
pearance by conventional transmission electron micros- 
copy. Thus the two allegedly different ceil types showed no 
immunoelectron-microscopic difference. 

Previous reports cite the coexistence and release of seve- 
ral biochemically distinct hormones from the same pituitary 
adenoma. Following administration of a secretagogue both 
hormones are released and it has been argued that these tu- 
mors may contain distinct hormonal cell types but they have 
similar receptors for the stimuli being investigated. Alterna- 
tively these biochemically different hormones may be se- 
creted by a single cell type. 

Our data supports the latter view in that we have demon- 
strated that both GH and TSH were found in the same pi- 
tuitary cell type and even were found to coexist in the same 
secretory granule. Recently Beck-Peccoz et al. [24] demon- 
strated the presence of secretory granules positive for GH 
and a a-subunit in somatotroph adenoma cells and 
McComb et al. [25] reported a pituitary adenoma contai- 
ning a-subunit and PRL in the cytoplasm of a single cell 
type. Hence evidence is accumulating that some pituitary 
adenomas which secrete biochemically diverse peptides 
may arise in a common progenitor. 

Thus it can be concluded that pituitary adenomas can si- 
multaneously secrete GH and TSH, which produces acro- 
megaly and hyperthyroidism. Also these bihormonal .tu- 
mors may synthesize GH and TSH in the same cell type. 
Administration of SMS 201-995 can inhibit the secretion of 
both GH and TSH causing significant clinical and bioche- 
mical improvement of the acromegaly and hyperthyroidism. 
Finally, suppression of GH and TSH release by SMS 
201-995 is not necessarily followed by tumor shrinkage and 
morphologic abnormalities in the adenoma cells. 



274 



. . Acknowledgement 

; We wish to thank the CRC nursing stafT for their assistance in 
evaluating this patient, Dr. Robert Rice, CLINFO Systems Ma- 
nager, for statistical advice, Bharathi Zvara for expert technical as- 
sistance, the N1H Pituitary Hormone Program for human GH and 
PRL RIA materials^ Sandoz for supplying SMS 201-995 and 
Eleanor Franklin for typing the manuscript. 

This work was supported in part y General Clinical Research 
Center grant RR-34, NIH grant CA33213 and Medical Research 
Council of Canada grant MT-6349. 



. References 

1 Kovacs, -K.; Horvath, E.; Tumors of the Pituitary Gland, Atlas 
" of Tumor Pathology, 2nd ser. fasc 21 (Washington, Armed For- 
ces Institute of Pathology, 1986). 

2 Scheithauer, B.W.; Horvath, E; Kovacs, K., et al.: Plurihormo- 
nal pituitary adenomas. Semin Diagn Pathol. 3: 69-82 (1986). 

3 Lamberg, B.A.; Ripatti, J.; Gordin, A. et. al.: Chromophobe 
pituitary adenoma with acromegaly and TSH-inducd hyper- 
thyroidism associated with parathyroid adenoma. Acta Endo- 
crinol (Copenh.) 60: 157-172 (1969). 

4 Hamilton, CR., Jr.; Maloof, F.: Acromegaly and toxic goiter. 
Cure of the hyperthyroidism and acromegaly by Proton-beam 
partial hypophysectomy. J. Clin. Endocrinol. Metab. 35: 
659-664 (1972). 

5 Lamberts, S.W.J. ; Uitterlinden, P.; Verschoor et. al.: Long- 
term treatment of acromegaly with he somatostatin analogue 
SMS 201-995. N. Engl. J. Med. 313: 1 576-1 580 ( 1985). 

6 Barnard, L.B.; Grantham, W.B.; Lamberton, P., et. al.: Treat- 
ment of resistant acromegaly with a long-acting somatostatin 
analogue (SMS 201-995). Ann. Intern. Med. 105: 856-861 
(1986). 

7 Williams, G.; Ball, J. A.; Burrin, J.M., et. al.: Effective and las- 
ting growth-hormone suppression in active acromegaly with 
oral administration of somatostatin analogue SMS 201-995. 
Lancet 8510: 114-111 (1986). 

8 Davies, R.R.; Miller, M.; Turner, S.J., et. al.: Effects of soma- 
tostatin analogue SMS 201-995 in normal man. Clin. Endocri- 

-P$nol: 24: 665-674(1986). 

9 Malarkey, W.B.; Zvara, B.J. ; DeGrofT, V.L.: Angiotensin II 
promotes prolactin release from normal human "anterior pi^ 
tuitary cell cultures in a calcium dependent manner. J. Clin. En-- 
docrinol. Metab. 64: 713-717 (1987). 

10 Hsu, S.M.; Raine, L.; Fanger, H.: A comparative study of the 
peroxidase-antiperoxidase method and an avidin-biotin com- 
plex method for studying polypeptide hormones with radioim- 
munoassay antibodies. Am. J. Clin. Pathol. 75: 734-738 
(1981). 

11 Hsu, S.M.; Raine, L.; Fanger, H.: The use of antiavidin an- 
tibody and avidin-biotin-peroxidase complex in immunope- 
roxidase technics. Am. J. Clin. Pathol. 75: 816-821 (1981). 

12 McComb, D.J.; Kovacs, K.; Beri, J., et. al.: Pituitary adenomas 
. in old Sprague-Dawley rats: A histological, ultrastructural, and 

:immunocytochemical study. J. Natl. Cancer Inst. 73: 
1143-1166(1984). . 



Malarkey/Kovacs/O'Dorisio 



13 Horvath, E.; Kovacs, K.; Scheithauer, B.W., et. al.: Pituitary 
adenomas producing growth hormone, prolactin, and one or 
more glycoprotein hormones; A histologic, immunohistoche- 
mical, and ultrastructural study of four surgically removed tu- 
mors. Ultrastruct. Pathol. 5: 171-183 (1983). 

14 Felix, LA.; Horvath, E.; Kovacs, K., et. al.: Mammosomato. 
troph adenoma of the pituitary associated with gigantism and 
hyperprolactinemia. A morphological study including immu- 
noelectron microscopy: Acta Neuropathol. (Berl) 71: 76-82 
(1986). 

15 RotruT.; Bendayan, M.; Orci, L.: Ultrastructural localization of 
intracellular antigens by the use of protein A-gold cpmpjx. J. 
Histochem. Cytochem. 26: 1074-1081 (1978). 

16 Bendayan, M.: Double imrnunocytochemical labeling applying 
the protein A-gold technique. J. Histochem. Cytochem; 30: 
81-85 (1982). 

17 Bendayan, M.: Protein A-gold electron microscopic immuno- 
cytochemistry: Methods, application and limitation. J., Elec- 
tron. Micros. Tech. 1: 243-279 (1984). 

18 Clark, R.W.; Schmidt, H.S.; Malarkey, W.B.: Disordered 
growth hormone and prolactin secretion in primary disorders of 
sleep. Neurology 29: 855-861 (1979). 

19 Osei, K.; O'Dorisio, T.M.: Malignant insulinoma: Effects ofa 
somatostatin analog (Compound 201-995) on serum glucose, 
growth and gastroentero-pancreatic hormones. Ann. Intern. 
Med. 103: 223-225 (1985). 

20 Reubi, J.C.; Landolt, A.M.: High density of somatmtoU^re-; 
ceptors in pituitary tumors from acromegalic patients. J. Clin. 
Endocrinol. Metab. 59: 1148-1151 (1984). 

21 Ikuyama, S.; Nawata, H.; Kato, K.-I., et. al.: Plasma growth 
hormone responses to somatostatin (SRIH) and SRIH recep- 
tors in pituitary adenomas in acromegalic patients. J. Clin. En- 
docrinol. Metab. 62: 729-733 (1986). 

22 Comi, R.J.; Gesundheit, N.; Murray, L., et. al.: Response of 
thyrotropin-secreting pituitary adenomas to a long-acting so- 
matostatin analogue. N. Engl. J. Med. 317: 12-17 (1987). 

23 Wemeau, J.L.; Dewailly, D.; Leroy, R., et. al.: Long term treat- 
ment with the somatostatin analog SMS 201-995 in a patient 
with a thyrotropin- and growth hormone-secreting pituitary 
adenoma. J. Clin. Endocrinol. Metab. 66: 636-639 (1988). 

24 Beck-Peccoz, P.; Bassetti, M.; Spada, A., et. al.: Glycoprotein 
hormone a-subunit response to growth hormone-releasing hor- 
mone in patients with active acromegaly. Evidence for a a-subu- 
nit and GH coexistence in the same tumoral cell. J. Clm. Endo- 
crinol. Metab. 61: 541-546 (1985). ' ; . , 

25 McComb, . D.J.; Bayley, T.A.; Horvath, E., et. al.:Mono*o- 
phous plurihormpnal adenoma of the human pituitary: A 
tologic, immunocytological and ultrastructural study. Ca^ 
5^ 1538-1544(1984). 



i 

i 

! 

v. 



Neun 



William B. Malarkey, MD 

The Ohio State University Medical Center 

Room N-l 106 

4 1 0 West Tenth Avenue , 

Columbus, OH 43210 (USA) 



... 3 : wc-Bh.- 



■ . « if 4 



Co 
Na 
Rh 

Dean 

a Divit 
Queer 



i; 



Kev V 



! 



Abstr. 
the rhesi 
10 mg m 
morphia 
iuteinizir 
ability to. 
cbncentr; 
mefene e 
release. 1 
10 mg bo 
LH and I 
than 1 2 \ 
chronical 



Endof 
lamic neu 
ton [1, 2, 
ling that 
luteinizing 
j latory nei 

• conclusio 
LHand P 
d Piate rec 
often nak 
niulat'e LI 

■'"!?• 27] an 
ft 21, 22 



u. - * ■ 6 

i^ton th 
s^on of t 
nin 8 the n 
Peptides : 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□^GRAY SCALE DOCUMENTS 

0 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



